Various assessment scales are used to measure the severity and rate of progression of Parkinson's disease (PD)-for example, the Unified Parkinson's Disease Rating Scale (UPDRS) and its Activities of Daily Living (ADL) subscale. The relative merits of these scales for accurately determining the degree of disease progression have recently come under scrutiny. Analyses of data from the recent Attenuation of disease progression with Azilect given once daily (ADAGIO) trial demonstrated that patients receiving early-start rasagiline (Azilect ® , Teva Neuroscience, North Wales, PA) 1 mg/day experienced slower disease progression, as assessed by their mean total UPDRS score, than patients receiving placebo followed by delayed-start rasagiline treatment. Subsequent secondary analyses showed that 1 and 2 mg/day doses of early-start rasagiline delayed the need for antiparkinsonian drugs and improved other parameters, including ADL scores and fatigue, when compared with placebo followed by delayed-start rasagiline. Furthermore, the analyses highlighted that, over time, the motor and mentation sections of the UPDRS-ADL subscale increasingly reflect the response to treatment of the early-and delayed-start rasagiline 1 mg/day patient groups. The results from the ADAGIO trial suggest that rasagiline has potential disease-modifying effects, but more clinical data are required to confirm their effect on PD progression. Levodopa, in combination with a dopa decarboxylase inhibitor, is well established for the treatment of PD. Long-term use, however, is associated with the development of motor fluctuations and dyskinesias. [8] [9] [10] [11] [12] Furthermore, dopamine replacement often does not alleviate non-motor symptoms, including sleep disturbances, depression, orthostatic hypotension, and dementia. 13 It is, therefore, important to explore alternative treatment options, including potential disease-modifying drugs.
components of these scales depend on subjective rather than objective judgments by the clinician, which may lead to poor inter-rater reliability. 18, 19 Rating scales and questionnaires should offer inter-observer reliability, test-retest consistency, and internal coherence. 20 Disability scales often measure more constant variables, and have been found to be a more reliable indicator of disability, than clinical rating scales. 18, 19 As PD is a multidimensional disorder, disease progression and treatment efficacy should be assessed not only through motor symptoms but also through psychopathological and autonomic symptoms. The Unified Parkinson's Disease Rating Scale (UPDRS) was developed as a brief, valid, and reliable scale for the assessment of activities in PD and has replaced many of the older assessment scales. Furthermore, it includes the patient self-reported Activities of Daily Living (ADL) subscale. 21, 22 The UPDRS is the most commonly used subscale for assessing Parkinsonian motoer impairment and disability in clinical trials and within clinical settings. 23 It has four subsections, derived from pre-existing scales: 22 • subsection I: mentation, behavior, and mood (see Table 1 );
• subsection II: Activities of Daily Living (ADL) (see Table 2 );
• subsection III: motor (see Table 3 ); and
• subsection IV: complications.
The UPDRS motor examination parameters are given in Table 3 . There are 14 of them: speech, facial expression, tremor at rest, action or postural tremor of hands, rigidity, finger taps, hand movements, rapid alternating movements of hands, leg agility, arising from a chair, posture, gait, postural stability, and body bradykinesia and hypokinesia.
The UPDRS has the advantage of wide use, is applicable across the PD spectrum, and has an almost comprehensive coverage of motor symptoms. 22 It has been shown to have good-to-excellent inter-rater reliability for speeded repeated movements, resting tremor, rising from a chair, and gait. 24 To improve inter-rater reliability, training materials, including a video, have been developed by the Movement Disorder Society. 25 There is a significant correlation between the UPDRS motor subscale and many neuropsychological tests of cognitive domains. 26 Moreover, the UPDRS has been subjected to extensive clinimetric analyses, giving it scientific and clinical credibility. 22 Although the widely adopted UPDRS has been reported to have good internal consistency, reliability, and inter-rater reliability, 21, 27 concerns have been raised about reproducibility on a large scale. 22, 28 Specifically, some items in the motor section, including speech and facial expression, have been shown to have a relatively poor inter-rater reliability, while posture, body bradykinesia, action or postural tremor hands, and rigidity have been shown to have moderate inter-rater reliability. 24, 27 Using the Unified Parkinson's Disease Rating Scale-Activities of Daily Living Subscale to Assess Parkinson's Disease
More recently, it has been shown that the UPDRS-ADL subscale may be more sensitive when assessing disease progression over time Olanow et al., 2008, 39 and Olanow et al., 2009. 52 than the UPDRS motor subscale. 29 Furthermore, it has been suggested that the UPDRS-ADL subscale is a better marker of disease progression and non-motor symptoms, less influenced by variability in drug cycle and motor fluctuations than subsections of other tests used in PD. Also, ADL subscales might be more sensitive to subtle functional changes affecting the patient (e.g., in hygiene, dressing, or eating) than motor subscales, which do not necessarily capture these changes. 30, 31 The UPDRS-ADL subscale does not appear to be susceptible to placebo response, whereas a placebo response was observed with the UPDRS motor subscale. 32 Indeed, the UPDRS-ADL subscale appears to be insensitive to the transient but objectively demonstrable motor changes that often occur in older subjects with higher motor impairment at baseline.
Furthermore, the UPDRS-ADL subscale does not identify placebo-treated patients showing objectively defined improvement. 32 In early PD, in the absence of overt motor symptoms, the analysis of non-motor symptoms is an important approach to detecting disease.
There is, however, a lack of information available to help us understand the relationship between different non-motor symptoms with a view to initiate earlier treatment for PD patients. The UPDRS-ADL subscale assesses motor and non-motor symptoms and, as such, may be more sensitive in detecting early disease, thus aiding diagnosis. Scale. [33] [34] [35] ADL questionnaires have also been used to assess pramipexole treatment: they showed that improvements were significantly greater with pramipexole treatment than with placebo, regardless of whether post-L-dopa rescue scores were included or not. 36 In this article, the merits of the UPDRS and UPDRS-ADL subscale are discussed in the context of the beneficial effects of rasagiline (Azilect ® , and as adjunct therapy to L-dopa. [40] [41] [42] Early studies have shown that rasagiline protects dopamine neurons in vitro [43] [44] [45] [46] and in vivo. 47, 48 In primates, rasagiline has been shown to increase striatal extracellular dopamine concentrations. 49 Unlike first-generation propargylamines, rasagiline does not have an amphetamine-like structure and thus does not generate amphetamine or methamphetamine metabolites that may cause adverse effects. 50 Rasagiline is metabolized by cytochrome P-450 into its active metabolite, 1R-aminoindan, which also has in vitro and in vivo neuroprotective effects. To determine whether rasagiline has disease-modifying potential in patients with PD, a delayed-start trial design was implemented in the prospective, double-blind, placebo-controlled ADAGIO trial using the UPDRS to evaluate patients with PD. 31, 39, 52 The rationale for the
ADAGIO trial came from the TEMPO (Rasagiline mesylate [TVP-1012] in
early monotherapy for Parkinson's disease outpatients) trial, in which rasagiline had been shown to improve symptoms in PD patients as assessed using the UPDRS.
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Primary Efficacy Results from the Attenuation of Disease Progression with Azilect Given Once Daily Trial
A total of 1,176 treatment-naive patients with early, very mild PD were enrolled in the ADAGIO trial. They were randomly assigned to receive rasagiline (1 or 2 mg/day) for 72 weeks, or placebo for 36 weeks followed by rasagiline (1 or 2 mg/day) for 36 weeks. The 18-month ADAGIO trial continued to use a double-blind methodology after patients on placebo switched to rasagiline at week 36 (see Figure 1) .
At baseline, patients had a mean total UPDRS score of 20.4. 52 Results
showed that, compared with delayed-start rasagiline 1 mg/day treatment, early-start rasagiline 1 mg/day treatment provided benefits that indicated potential disease-modifying activity. 52 Rasagiline 1 mg/day met all three primary endpoints:
• superiority of slope suggesting a slower rate of disease worsening, as measured by a smaller change in mean UPDRS scores between week 12 and week 36 (0.09 and 0.14 with rasagiline and placebo, respectively; p=0.01);
• a difference in UPDRS scores between baseline and week 72 Between baseline and week 36, rasagiline 1 mg/day significantly improved scores on each of the UPDRS subscales compared with placebo. During that period, the changes were likely to be the result of the combined effect of the short-term symptomatic and the putative long-term disease-modifying actions of the drug. At week 72, however, 593  586  573  562  242  534  516  454  435  318   288  287  282  280  273  270  266  253  250  185   293  289  286  282  275  271  266  250  246  183 Source: adapted from Rascol, et al., 2011, 31 with permission from publisher.
only the ADL subscale showed a significant difference between the early-and delayed-start groups (see Figure 2) . By that time, all patients had been receiving the same drug for at least nine months and, therefore, any difference between the two groups at this stage was likely to indicate only the disease-modifying effects of the drug. At week 36, the contribution of the motor subscale was approximately twice that of the ADL subscale (64 and 29 %, respectively, with rasagiline 1 mg/day). However, at week 72, the contribution of the ADL subscale to treatment effect had increased to 41 %, whereas the motor component had decreased to 51 %. Furthermore, the ADL subscale was the only one to show a statistically significant between-group difference (early-versus delayed-start rasagiline 1 mg/day).
The ADAGIO cohort (i.e., patients with early, very mild PD) showed a low rate of progression on the UPDRS, an effect previously observed in the Neuroprotection exploratory trials in PD (NET-PD) study. Analysis of data from the ADAGIO trial using the UPDRS-ADL subscale supports the notion that it may be a more appropriate measure to assess disease progression than the UPDRS motor subscale.
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Use indicating that the probability of requiring additional antiparkinsonian medication was approximately 60 % lower in the early-start groups than in the pooled placebo group. 31 The percentages of patients who needed additional antiparkinsonian medication and the time to receiving that medication are given in Figure 3 .
Assessment of Fatigue in the Attenuation of Disease Progression with Azilect Given Once Daily Trial
Fatigue is a common and consistent problem in PD and often pre-dates the onset of motor symptoms, 59 which makes the Parkinson Fatigue Scale (PFS) another useful tool in assessing PD. 60 The ADAGIO trial assessment using the PFS showed that rasagiline 1 mg/day was beneficial on fatigue.
Patients in the placebo groups had a significantly greater worsening in PFS scores from baseline to the last observed value than patients in the groups receiving rasagiline 1 mg/day (treatment difference -0. have assessed ADL as a measure of disease progression in PD.
The previous rasagiline trial TEMPO demonstrated that, during its placebo-controlled, double-blind six month phase (Phase 1), rasagiline was safe and efficacious compared with placebo for patients with early PD. 40 At baseline, patients enrolled in the TEMPO trial had a significantly higher mean total UPDRS score than those enrolled in the ADAGIO trial (24.5−25.9 versus 20.4, respectively). 40, 52 From month seven to month 12 of the TEMPO trial, early-and delayed-start rasagiline treatment were compared: in patients who received rasagiline 1 mg/day treatment for 12 months (early-start treatment), the functional decline was less pronounced than in patients who received placebo for six months followed by rasagiline for six months (delayed-start treatment). 40, 61 After 52 weeks, the mean changes in total UPDRS scores from baseline for the three different treatment groups were: +3.01 (with rasagiline 1 mg/day), +1.97 (with rasagiline 2 mg/day), and +4.17 (with delayed-start rasagiline 2 mg/day). During the entire 6.5-year follow-up period, this change was 2.5 units (or 16 %) in favor of the early-start versus delayed-start rasagiline group. However, it is difficult, from these results, to draw firm conclusions regarding the disease-modifying effect of rasagiline due to the high drop-out rate of patients during the extension study. 62 In the TEMPO trial, rasagiline 1 and 2 mg/day (early-start rasagiline) were both superior to delayed-start rasagiline in terms of changes in UPDRS scores in patients who had high UPDRS scores at baseline. 61 Similar results
were observed in the ADAGIO trial patients with the highest quartile of UPDRS scores, suggesting that the effect of rasagiline 2 mg/day on symptoms may have masked a benefit in terms of functional decline with early-start treatment in patients with very mild disease. 52 During its comparison phase (month seven to month 12), the TEMPO study showed a mean difference of 39.1 % in ADL subscore changes from baseline, and a mean difference of 11.9 % in motor subscore changes from baseline, between the early-start and delayed-start rasagiline groups; 62 this supports the concept that on-motor symptoms assessed by the ADL subscale may be more stable markers of disease progression. 56 The UPDRS in its entirety may be less sensitive to changes in early PD and may not capture improvements in non-motor areas. [63] [64] [65] Improvements of ADL subscores in rasagiline-treated patients are consistent with significant benefits in non-motor symptoms compared with placebo.
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A delayed-start design also was used to assess a potential disease-modifying effect of the dopamine agonist pramipexole. The 
Potential Limitations of Delayed-start Trial Designs
There are a number of concerns regarding delayed-start study designs that may affect the quality of results. The delayed-start group (i.e., patients who receive placebo during Phase 1) foregoes symptomatic therapy for the first half of the study. In clinical trials assessing the treatment of slowly progressing diseases such as PD, the first half of the study normally lasts 6−9 months, which is a long time for a patient to be without symptomatic therapy. Moreover, most patients, when newly diagnosed with PD, already require treatment to control symptoms, thus reducing the pool of potential study recruits. It is possible that such patients would have very slowly progressing disease, making it difficult to apply the study results to patients found in normal clinical practice. 68 In addition, those patients who receive placebo during Phase 1 are more likely to drop out of the trial as a result of a lack of efficacy, which may cause a divergence in baseline characteristics and invalidate randomization. 69 As previously mentioned, in ADAGIO patients receiving placebo were allowed proceed to Phase 2 instead of discontinuing treatment. 52 Another potential concern is that, by using slope estimates for measuring changes in UPDRS score, the data have been assumed to fit into a linear model. 69 It is, however, not known whether PD progresses in a linear fashion, particularly in early disease when there is a rapid loss of dopaminergic cells.
New Developments in Parkinson's Disease Assessment Scales
The Movement Disorder Society (MDS) has recently revised the UPDRS to include more non-motor measures and to make it less biased toward certain cultural practices. 22 The revised scale, the MDS-UPDRS, has four sections:
• section I: non-motor experiences of daily living;
• section II: motor experiences of daily living;
• section III: motor examination; and
• section IV: motor complications. 66 This scale has been validated for non-motor symptom assessment and correlation with the original UPDRS. 70, 71 In the MDS-UPDRS, motor and non-motor ADL have been separated, so future trials using this scale will improve our understanding of the respective contribution of these parameters. Future rasagiline trials should help us understand how the assessment and subsequent treatment of non-motor symptoms might help improve the quality of life of patients with PD.
Conclusions
The UPDRS-ADL subscale is well known and commonly used to assess disease progression in PD. Moreover, it is quick for patients to self-complete. The ADAGIO trial provided an opportunity to assess the rate of change in UPDRS scores in a large sample of patients with early and untreated PD. Rasagiline treatment showed a potential disease-modifying effect, which supports its early use 31, 52 During the ADAGIO trial, rasagiline treatment also delayed the need for additional antiparkinsonian drugs and reduced the non-motor symptom fatigue.
Disease progression may be more accurately assessed using the UPDRS-ADL subscale than the UPDRS motor subscale, because the former includes both motor and non-motor components. If the non-motor symptoms in PD can be identified, and subsequently decreased through appropriate treatment, this may also slow the clinical progression of the disease. 30, 56 Future studies separating the assessment of motor and non-motor symptoms will help determine treatment success and how these symptoms modulate as the disease progresses. n
